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Mass spectrometric and tandem mass spectrometric behavior of eight anabolic steroid
glucuronides were examined using electrospray (ESI) and atmospheric pressure chemical
ionization (APCI) in negative and positive ion mode. The objective was to elucidate the most
suitable ionization method to produce intense structure specific product ions and to examine
the possibilities of distinguishing between isomeric steroid glucuronides. The analytes were
glucuronide conjugates of testosterone (TG), epitestosterone (ETG), nandrolone (NG), andros-
terone (AG), 5a-estran-3a-ol-17-one (5a-NG), 5b-estran-3a-ol-17-one (5b-NG), 17a-methyl-5a-
androstane-3a,17b-diol (5a-MTG), and 17a-methyl-5b-androstane-3a,17b-diol (5b-MTG), the
last four being new compounds synthesized with enzyme-assisted method in our laboratory.
High proton affinity of the 4-ene-3-one system in the steroid structure favored the formation
of protonated molecule [M 1 H]1 in positive ion mode mass spectrometry (MS), whereas the
steroid glucuronides with lower proton affinities were detected mainly as ammonium adducts
[M 1 NH4]
1. The only ion produced in negative ion mode mass spectrometry was a very
intense and stable deprotonated molecule [M 2 H]2. Positive ion ESI and APCI MS/MS
spectra showed abundant and structure specific product ions [M 1 H 2 Glu]1, [M 1 H 2
Glu 2 H2O]
1, and [M 1 H 2 Glu 2 2H2O]
1 of protonated molecules and corresponding
ions of the ammonium adduct ions. The ratio of the relative abundances of these ions and the
stability of the precursor ion provided distinction of 5a-NG and 5b-NG isomers and TG and
ETG isomers. Corresponding diagnostic ions were only minor peaks in negative ion MS/MS
spectra. It was shown that positive ion ESI MS/MS is the most promising method for further
development of LC-MS methods for anabolic steroid glucuronides. (J Am Soc Mass Spectrom
2000, 11, 722–730) © 2000 American Society for Mass Spectrometry
Among the most common substances prohibitedin human sports are anabolic androgenic ste-roids (AAS) [1], which are believed to improve
physical performance, particularly skeletal muscle
strength [2–4], and to balance the catabolic condition in
body after stress [2, 5, 6]. In man AAS undergo exces-
sive phase I and II metabolism, in which they are
converted to more polar compounds and are better
excreted to urine. The main pathways of phase I meta-
bolic reactions are oxidation, hydrolysis, and reduction,
which often bring a more polar group to the steroid
structure offering a site for the conjugation in phase II
metabolic reactions [7]. The most common conjugation
reaction in the human body is glucuronidation in which
the steroid is coupled to glucuronic acid. This reaction is
enzymatically catalyzed by uridine diphosphate glucu-
ronosyltransferase enzymes (UGT), involving uridine-
59-diphosphoglucuronic acid (UDPGA) as a co-sub-
strate [8, 9].
Analytical methods for the detection of AAS misuse
must focus on observation of the possible steroid me-
tabolites [7, 10]. Present analysis of AAS is based on gas
chromatography-electron ionization/mass spectro-
metry (GC-EI/MS). The methods are time consuming
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due to the complicated sample pretreatment procedure
including enzymatic hydrolysis of steroid conjugates,
extraction, and derivatization. Furthermore, the enzy-
matic hydrolysis of glucuronide or sulfate conjugates of
certain steroids may be incomplete [11] and it has been
demonstrated that contaminants in the enzyme prepa-
rations may convert one steroid to another [11, 12].
Development of alternative direct analysis methods for
steroid conjugates is thus of great interest.
Liquid chromatography-mass spectrometry using
electrospray ionization (LC-ESI/MS) offers a rapid and
sensitive method for the direct analysis of steroid con-
jugates [11, 13–15] and for this task of method develop-
ment steroid conjugate standards are required. Unfor-
tunately, only a few steroid glucuronides and sulfates
are commercially available. Although the reference sub-
stances can be obtained in small amounts from urine
after steroid dosage, this method encounters several
problems: in vivo production of the standards for
commercial purposes is ethically not acceptable, the
structure of the metabolite is difficult to determine from
small amounts and purification of the right isomer may
be laborious. Examples of chemical steroid glucuronide
synthesis have been published [16–18]. In chemical
synthesis, however, a mixture of isomers may be
formed and the target isomer may be a minor product
and its isolation difficult and time consuming. Enzy-
matically assisted synthesis offers a more elegant
method for the production of conjugates, especially for
the glucuronides [19–23]. The main advantage over the
chemical synthesis is the stereospecificity of the en-
zymes, which allows synthesis of stereospecifically
pure conjugates. Enzyme-assisted production of several
milligrams of stereospecifically pure cathecol-type glu-
curonides has been demonstrated [19].
In this study we have focused our interest on the
eight glucuronides presented in Table 1. The selection
of the compounds represents structurally interesting
steroids having slight differences between each other in
the substitution of carbons 3, 5, 10, and 17. Study of the
mass spectrometric behavior of anabolic steroid glucu-
ronides is essential in the development of direct analy-
sis methods by LC-MS. Mass spectrometric studies of
several steroid glucuronides have been published [11,
13–16, 18, 24–31], mainly in negative ionization mode.
Among the anabolic steroids, glucuronide conjugates of
only endogenous testosterone, epitestosterone, andros-
terone, and etiocholanolone are discussed [11, 13–16, 18,
24–27, 31] and there appear to be no mass spectrometric
studies of the glucuronide conjugates of either methyl-
testosterone or nandrolone metabolites. In this work we
will compare positive and negative ion ESI and APCI
for the ionization of anabolic steroid glucuronides. The
tandem mass spectrometric fragmentation will be stud-
ied in order to find possible group-specific and diag-
nostic fragment ions in order to develop reliable and
specific LC-MS/MS method for anabolic steroid glucu-
ronides. The possibility to distinguish between 5a- and
5b-isomeric steroid glucuronide pairs with low energy
collisions is also discussed.
Experimental
Materials
Androsterone (AG) was from Sigma and epitestoster-
one (ETG) was a generous gift from Dr. Bowers from
Indiana University. All other steroid glucuronides were
prepared in our laboratory using commercially avail-
able steroids as starting material, namely testosterone
(TG) (Makor Chemicals, Israel), 17a-methyl-5a-andro-
stane-3a,17b-diol (5a-MTG) (Steraloids, Wilton, N.H.),
estr-4-en-17b-ol-3-one (Dionsynth, The Netherlands),
5a-estran-3a-ol-17-one (5a-NG) (Steraloids), and 5b-
estran-3a-ol-17-one (5b-NG) (Steraloids). Exceptionally,
17a-methyl-5b-androstane-3a,17b-diol, the aglycone
structure for preparation of analyte 5b-MTG, was syn-
thesized in our laboratory by a route described else-
where [32]. GC-EI/MS method with standard reference
17a-methyl-5b-androstane-3a,17b-diol was used to
confirm the structure of the product.
Wistar rats from the University of Helsinki Breeding
Centre (Finland) were treated with enzyme inducer,
namely Aroclor 1254, with a dose of 500 mg/kg, intra-
peritoneally in olive oil 5 and 2 days before slaughter.
The pool of rat hepatic microsomal fraction was used as
a source of UGT enzymes. Preparation of microsomes is
described in detailed elsewhere with the complete syn-
thesis procedure for the glucuronide conjugate of 1-hy-
droxypyrene [20]. All solvents were of analytical grade.
Enzyme-Assisted Synthesis of the Steroid
Glucuronides
TG, nandrolone (NG), 5a-NG, 5b-NG, 5a-MTG, and
5b-MTG were synthesized in our laboratory by the
enzymatic method described by Luukkanen et al. [19].
The reaction was terminated with perchloric acid after
60 min of incubation. After separation of proteins the
sample was further purified with C18 solid phase
extraction (100 mg, Isolute, International Sorbent Tech-
nology, U.K.) by using 2.5 mL of methanol for the
elution of the glucuronides. After evaporation to dry-
ness in nitrogen flow the samples were dissolved in 500
mL of methanol:water [50:50 (V/V)] containing 7.5 mM
ammonium acetate. This solution was used in negative
ion ESI and APCI experiments. In positive ion ESI and
APCI formic acid was added to adjust pH to 4.2
(suprapur, Merck, Germany) according to Bowers et al.
[11]. The yields of the glucuronides with the enzymatic
synthesis varied from 10% of 5a-MTG to 30% of 5b-
MTG. The structures of 5a-NG, 5b-NG, 5a-MTG, and
5b-MTG were confirmed by DQFCOSY, TOCSY,
HMQC, and HMBC NMR spectra. (NMR data available
at request.)
723J Am Soc Mass Spectrom 2000, 11, 722–730 ESI AND APC TANDEM MS OF STEROID GLUCURONIDES
724 KUURANNE ET AL. J Am Soc Mass Spectrom 2000, 11, 722–730
Mass Spectrometry
The mass spectrometer was a Perkin-Elmer Sciex API
300 (Sciex, Concord, Canada) triple quadrupole LC/
MS/MS instrument equipped with ESI and APCI ion
sources. Samples were introduced by direct injection
with a Rheodyne (Cotati, CA) 7725 injector with 10-mL
sample loop. A microsyringe pump (Harvard Appara-
tus) was used to deliver the solvent to the ESI source
with a flow rate of 8 mL/min. The solvent was intro-
duced to the APCI source by a Perkin-Elmer Series 200
pump (Norwalk, CT) with a flow rate of 0.8 mL/min.
The eluent composition was the same as the solvent in
the samples. The capillary voltage was 5000 V in ESI
measurements of both polarities. In positive and nega-
tive ion APCI measurements the charge needle current
was 3 mA and probe temperature 350 °C. Orfice voltage
was optimized to 10 eV in ESI and APCI to produce a
maximum amount of precursor ion for MS/MS studies
and to minimize the fragmentation of protonated mol-
ecule or ammonium adduct ion in the ion source.
Synthetic air (80% N2, 20% O2, Oy AGA Ab, Finland)
was used as nebulizing gas in ESI and nitrogen (Oy
AGA Ab, Finland) in APCI experiments. In both cases
the nebulizing gas flow was 1.23 L/min. Nitrogen
(Generator system 75-720, The Whatman Group, MA)
was used as curtain gas and collision gas in all experi-
ments. The flow rates of curtain gas in ESI and APCI
were 1.25 and 1.31 L/min, respectively. In the optimi-
zation of MS/MS conditions the spectra were recorded
at the collision offset voltages of 5, 10, 15, 20, 25, 30, 35,
40, 50, and 60 V. The mass range in the ESI and APCI
MS experiments was m/z 100–600. The scan speeds
were 5.01 and 0.91 s in ESI and APCI mass spectro-
metry, respectively. In ESI MS/MS the mass range was
30–550 u (5.01 s/scan) and in APCI MS/MS 30–500 u
(1.03 s/scan).
Results and Discussion
Mass Spectrometry Spectra
The positive ion ESI mass spectra (Table 2) of the
17-O-conjugated steroid glucuronides with 4-ene-3-one
structure in the A-ring (ETG, TG, NG) showed [M 1
H]1 as the base peak and a quite abundant [M 1 NH4]
1
ion. In contrast, spectra of the 3-O-conjugated steroid
glucuronides with carbonyl (AG, 5a-NG, 5b-NG) or
hydroxy group (5a-MTG, 5b-MTG) in the aglycone
D-ring showed an abundant [M 1 NH4]
1 ion with very
weak or no [M 1 H]1. These results are in good agree-
ment with the earlier studies by Bowers et al. [11] and
Williams et al. [33] and can be explained in terms of the
differences in proton affinities: proton affinity of the
4-ene-3-one in the steroid ring structure is significantly
higher than that of the hydroxy group or carbonyl
group without conjugated double bond [34]. High gas
phase basicity of the 4-ene-3-one structure is related to
the extensive charge delocalization and stabilization,
which is possible in the protonated form. This was
nicely demonstrated in an earlier study with two iso-
meric unsaturated cholestan-3-one derivatives using
ammonia chemical ionization mass spectrometry [35].
The spectrum of the other derivative, i.e. conjugated
cholest-4-ene-3-one, showed [M 1 H]1 as a base peak
and a weak [M 1 NH4]
1 ion, whereas nonconjugated
cholest-5-ene-3-one showed [M 1 NH4]
1 as a base
peak and a weak [M 1 H]1 ion. The present mass
spectra and the earlier studies [11, 34, 35] suggest that
the presence of the 4-ene-3-one structure in the agly-
cone moiety of steroid glucuronides favors the for-
mation of an abundant [M 1 H]1 ion. In addition to
a protonated molecule and ammonium adduct ion, all
the positive ion ESI spectra show the sodium adduct
ion [M 1 Na]1. Positive ion APCI mass spectrometry
spectra of TG and ETG showed in addition to ions
[M 1 H]1 and [M 1 NH4]
1 fragment ions formed by
the loss of water, loss of the glucuronide moiety, and
further losses of water from the aglycone structure
(Table 3).
All steroid glucuronides behaved similarly in nega-
tive ion APCI and ESI mass spectrometry producing an
intense deprotonated molecule [M 2 H]2 (Tables 3 and
4). Thus, negative ion mass spectrometry offers a com-
plementary method to positive ion mass spectrometry.
Background noise of APCI is higher than that of ESI
leading to decreased specificity. The flow rates are
significantly higher in APCI than in ESI and thus larger
amounts of samples and especially expensive glucuro-
nide standards are required. However, miniaturized
Table 2. Positive ion ESI mass spectra; m/z (rel. abund.)
Compounda [M 1 Na]1 [M 1 NH4]
1 [M 1 H]1 [M 1 H 2 H2O]
1 [M 1 H 2 2H2O]
1
TG 487 (48) 482 (22) 465 (100)
ETG 487 (42) 482 (77) 465 (100)
NG 473 (50) 451 (100)
5a-NG 470 (100) 417 (8)
5b-NG 475 (43) 470 (100)
5a-MTG 505 (36) 500 (100)
5b-MTG 505 (38) 500 (100)
AG 489 (15) 484 (100) 467 (3) 449 (10) 431 (16)
aFor abbreviations, see Table 1.
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APCI could be a relevant method for steroid glucu-
ronides in the future. On the basis of the mass spectro-
metry results, ESI was adopted for generation of the
precursor ion for MS/MS experiments.
Positive Ion ESI MS/MS
Ammonium adduct ion of the 3-O-glucuronide steroids
(AG, 5a-NG, 5b-NG, 5a-MTG, and 5b-MTG) and pro-
tonated molecule of the 17-O-glucuronide steroids (TG,
ETG, and NG) were chosen as precursor ions for
positive ESI MS/MS studies. The fragmentation of the
compounds studied produced ions formed by the loss
of two water molecules, ions formed through neutral
loss of glucuronide moiety, and ions derived from
glucuronide fragment ion. The ion [M 1 H 2 2H2O]
1
is formed only with the compounds including carbonyl
group at C-17 (AG, 5a-NG, and 5b-NG). The abundance
of the ion is highest at low collision offset voltages (5–15
V) (Figure 1a, b). The proton affinity of carbonyl group
at C-17 is high enough for the attachment of ammonium
ion but too low for protonation. It follows that the loss
of water together with ammonia occurs from the car-
bonyl group followed by the loss of second water
molecule from the glucuronide moiety remote from the
charge site.
The main fragment ions in all the spectra are formed
by the cleavage of glucuronide moiety followed by
losses of one and two water molecules. As an interest-
ing detail, all the other spectra show very abundant
steroid aglycone [M 1 H 2 Glu]1 except those of 5a-
MTG and 5b-MTG, which do not exhibit that fragment
at any level of collision offset. The main peak in the
spectra of 5a-MTG and 5b-MTG is [M 1 H 2 Glu 2
2H2O]
1, whereas that in the other spectra is either [M 1
H 2 Glu]1 or [M 1 H 2 Glu 2 H2O]
1. The break-
down curves show that the ion [M 1 H 2 Glu 2
2H2O]
1 dominates the spectra of 5a-MTG and 5b-MTG
in a very wide range of collision offset voltages (Figure
1c, d) and is formed with lower collision energies than
with other compounds. Evidently, the formation of
[M 1 H 2 Glu 2 2H2O]
1 is favored by 17-hydroxy
substitution, from which the water molecule is easily
cleaved.
The product ion spectra of the 17-O-glucuronides
exhibit ions m/z 109 and 97, which are not detected in
the spectra of 3-O-glucuronides. Williams and his co-
workers observed the same ions in the ESI spectra of
nonglucuronidated testosterone and its hydroxy ana-
logs in earlier work [33]. Apparently ions m/z 109 and 97
in the present spectra are formed by the dissociation of
the aglycone moiety. The conclusion is supported by
the fact that higher collision energies favor the forma-
tion of these ions.
With all the steroid glucuronides studied, the posi-
tive charge stays dominantly at the aglycone site in the
dissociation of the precursor ion. There are only weak
signs of the ions derived form the glucuronide moiety,
i.e., [Glu 1 H]1 (m/z 177), [Glu 1 H 2 H2O]
1 (m/z
159), [Glu 1 H 2 2H2O]
1 (m/z 141), [Glu 1 H 2
H2O 2 CO]
1 (m/z 131), and [Glu 1 H 2 2H2O 2
CO]1 (m/z 113). The ion m/z 177 is clearly formed by
glycosidic cleavage to form an oxonium ion (A-type
cleavage) [36]. Although the abundance of these ions is
increased significantly at higher collision energies, they
are not diagnostic for the identification of steroid struc-
ture.
The positive ion MS/MS spectra (Table 5 and Figure
1a–d) show clear difference between 5a- and 5b-NG
and between TG and ETG isomers. However, the spec-
tra of 5a-MTG and 5b-MTG were fairly similar. The
breakdown curves of 5a- and 5b-NG isomers show that
the [M 1 NH4]
1 of 5b-NG is more stable than that of
5a-NG (Figure 1a, b). Furthermore, the relative abun-
dance ratio of [M 1 H 2 Glu]1 / [M 1 H 2 Glu 2
H2O]
1 is significantly higher with 5b-NG than with
5a-NG at collision offset voltages of 15–25 V indicating
that the loss of glucuronide with water is more favored
from 5a-NG than from 5b-NG. The MS/MS spectra of
TG and ETG (Table 5) show that the protonated mole-
cule of TG is significantly more stable than that of ETG
revealing more stable glycoside bond of TG. This is in
good agreement with the results presented earlier [11,
16] and is obviously due to higher molecular strain of
ETG than TG.
Table 3. Positive and negative ion APCI mass spectra; m/z (rel. abund.)
Compounda
Positive ion APCI
[M 1 NH4]
1 [M 1 H]1 [M 1NH4 2 Glu]
1 [M 1 H 2 Glu]1 [M 1 H 2 Glu 2 H2O]
1
Negative ion APCI
[M 2 H]2
TG 482 (42) 465 (20) 306 (58) 289 (100) 271 (44) 463 (100)
ETG 482 (32) 465 (8) 306 (22) 289 (70) 271 (100) 463 (100)
aFor abbreviations, see Table 1.
Table 4. Negative ion ESI mass spectra; m/z (rel. abund.)
Compounda [M 2 H]2 [M 2 H 2 H2O]
2 [M 2 H 2 2H2O]
2
TG 463 (100)
ETG 463 (100)
NG 449 (100)
5a-NG 451 (100)
5b-NG 451 (100) 415 (8)
5a-MTG 481 (100)
5b-MTG 481 (100) 463 (7)
AG 465 (100)
aFor abbreviations, see Table 1.
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Negative Ion ESI MS/MS
The [M 2 H]2 ions of the steroid glucuronides are
more stable than the [M 1 H]1 and [M 1 NH4]
1 ions.
The MS/MS conditions were optimized to obtain max-
imum abundance of specific ions formed by loss of the
glucuronide moiety with and without further loss of
water. Optimal conditions were achieved with collision
offset voltage of 40 V, which is significantly higher than
the optimum in positive ion mode. The high stability of
the [M 2 H]2 ion is due to delocalization of the nega-
tive charge at the carboxylic acid group. Deprotonated
molecules of the 3-O-glucuronides studied are more
stabile than those of the 17-O-glucuronides, obviously
due to the methyl group at C-18, which may cause
additional strain to 17-O-glucuronide structures.
The fragmentation of the glucuronides in negative
ion MS/MS shows the same types of ions as in positive
ion MS/MS: ions formed by the losses of water and
carboxylic acid, ions formed by the loss of glucuronide
moiety with and without one water molecule, and ions
derived from the glucuronide moiety. However, the
relative abundances of the product ions differed signif-
icantly between positive and negative ion mode.
The MS/MS spectra show weak [M 2 H 2 H2O]
2,
[M 2 H 2 CH3COOH]
2, [M 2 H 2 118]2, and [M 2
H 2 134]2 ions (Table 6), which are most likely charge-
induced fragments from the glucuronide moiety. The
ions formed through neutral loss of glucuronide, [M 2
H 2 Glu]2, [M 2 H 2 Glu 2 2H]2, and [M 2 H 2
Glu 2 H2O]
2, are characteristic for aglycone moiety,
but significantly weaker than the corresponding ions
formed in positive ion MS/MS. The ion [M 2 H 2
Figure 1. Positive ion MS/MS breakdown curves of (a) 5a-NG, (b) 5b-NG, (c) 5a-MTG, and (d)
5b-MTG (abbreviations: see Table 1).
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Glu 2 2H]2, present in all the MS/MS spectra, is
formed by the loss of glucuronide group with the
transfer of two hydrogens from the aglycone to
glucuronide group. This results in the a,b-unsatur-
ated structure of the aglycone fragment ion and
allows delocalization of the negative charge. Result-
ing from the location of the negative charge at the
glucuronide moiety the most intense fragments (m/z
157, 129, 113, 95, 85, 75, and 59) are formed by the loss
of H2O, CO and CO2 molecules in various combina-
tions from the glucuronide fragment ion (m/z 175)
(Table 6). The ion patterns of different steroid glucu-
ronides in the mass range below m/z 175 strongly
resemble each other, confirming the hypothesis that
the ions are derived from the glucuronide moiety.
These ions are indicative for the detection of glucu-
ronides but do not provide information about the
steroid structure itself.
The negative ion MS/MS spectra do not provide a
method to distinguish between 5a/5b-isomeric pairs at
any offset voltages (Figure 2a–d). However, the relative
abundances of [M 2 H 2 Glu]2 and [M 2 H 2 Glu 2
2H]2 are significantly higher for TG than ETG, provid-
ing distinction of these two stereoisomers (Table 6).
Table 5. Positive ion ESI MS/MS spectra with collision energy of 25 eV; m/z (rel. abund.)
Ionsa TG ETG NG 5a-NG 5b-NG 5a-MTG 5b-MTG AG
Precursor ion
[M 1 NH4]
1 470 (7) 470 (4) 500 (3) 500 (1) 484 (1)
[M 1 H]1 465 (95) 465 (0) 451 (100)
Product ions
[M 1 H]1 453 (7) 453 (2) 467 (1)
[M 1 NH4 2 H2O]
1 482 (1) 482 (1)
[M 1 H 2 H2O]
1 435 (1) 435 (2) 465 (1) 465 (1) 449 (2)
[M 1 H 2 2H2O]
1 417 (5) 417 (20) 447 (1) 447 (1) 431 (14)
[M 1 H 2 Glu]1 289 (100) 289 (88) 275 (91) 277 (19) 277 (72) 291 (23)
[M 1 H 2 Glu 2 H2O]
1 271 (20) 271 (100) 257 (31) 259 (100) 259 (100) 289 (16) 289 (22) 273 (100)
[M 1 H 2 Glu 2 2H2O]
1 253 (12) 253 (26) 239 (15) 241 (54) 241 (68) 271 (100) 271 (100) 255 (53)
[Glu 1 H]1 177 (4) 177 (1) 177 (25) 177 (7) 177 (6) 177 (2) 177 (9)
[Glu 1 H 2 2H]1 175 (4) 175 (2) 175 (1) 175 (1) 175 (1)
[Glu 1 H 2 H2O]
1 159 (5) 159 (16) 159 (7) 159 (37) 159 (15) 159 (10) 159 (3) 159 (16)
[Glu 1 H 2 2H2O]
1 141 (3) 141 (8) 141 (3) 141 (56) 141 (25) 141 (12) 141 (6) 141 (22)
m/z 5 131 (2) (3) (3)
m/z 5 113 (2) (1) (2)
m/z 5 109 (9) (3) (2)
m/z 5 97 (18) (10) (1)
m/z 5 85 (2) (2) (2)
aFor abbreviations, see Table 1.
Table 6. Negative ion ESI MS/MS spectra with collision energy of 40 eV; m/z (rel. abund.)
Ionsa TG ETG NG 5a-NG 5b-NG 5a-MTG 5b-MTG AG
Precursor ion
[M 2 H]2 463 (18) 463 (11) 449 (11) 451 (52) 451 (57) 481 (89) 481 (100) 465 (59)
Product ions
[M 2 H 2 H2O]
2 445 (1) 445 (1) 431 (1) 433 (5) 433 (3) 463 (6) 463 (6) 447 (4)
[M 2 H 2 CH3COOH]
2 403 (3) 403 (1) 389 (3) 391 (5) 391 (5) 421 (2) 421 (3) 405 (3)
[M 2 H 2 118]2 345 (2) 333 (4) 363 (5) 363 (4) 347 (6)
[M 2 H 2 134]2 329 (3) 329 (1) 315 (4) 317 (4) 317 (2) 347 (1) 347 (2) 331 (5)
[M 2 H 2 Glu]2 287 (22) 287 (6) 273 (32) 305 (1) 289 (6)
[M 2 H 2 Glu 2 2H]2 285 (15) 285 (6) 271 (23) 273 (12) 273 (3) 303 (1) 303 (4) 287 (8)
[M 2 H 2 Glu 2 H2O]
2 269 (2) 269 (2) 255 (1) 287 (1) 271 (1)
[Glu 2 H]2 175 (9) 175 (4) 175 (4) 175 (2) 175 (28) 175 (15) 175 (13)
[Glu 2 H 2 H2O]
2 157 (14) 157 (9) 157 (9) 157 (11) 157 (9) 157 (36) 157 (18) 157 (25)
[Glu 2 H 2 H2O 2 CO]
2 129 (10) 129 (7) 129 (6) 129 (6) 129 (16) 129 (9) 129 (16)
m/z 5 113 (92) (88) (75) (75) (55) (90) (59) (100)
m/z 5 95 (11) (10) (11) (12) (7) (10) (6) (12)
m/z 5 85 (100) (100) (100) (100) (100) (100) (41) (97)
m/z 5 75 (80) (95) (77) (82) (82) (89) (49) (95)
m/z 5 59 (6) (9) (6) (6) (5) (12) (3) (7)
aFor abbreviations, see Table 1.
728 KUURANNE ET AL. J Am Soc Mass Spectrom 2000, 11, 722–730
APCI MS/MS
Positive and negative ion APCI MS/MS spectra were
recorded for TG and ETG. In the positive ion APCI
MS/MS studies, [M 1 NH4]
1 was chosen as precursor
ion instead of [M 1 H]1, because it was the most
intense ion in positive ion APCI mass spectrometry
(Table 7). The spectra are fairly similar to ESI MS/MS
spectra and do not provide additional structural infor-
mation. This may indicate that the site of protonation in
ESI and the site of addition of the ammonium ion in
APCI is the same. The site of the deprotonation in
negative ion ESI and APCI is the carboxylic acid moiety,
and therefore the fragmentation of [M 2 H]2 was alike
in negative ion APCI and ESI MS/MS (Table 8).
Figure 2. Negative ion MS/MS breakdown curves of (a) 5a-NG, (b) 5b-NG, (c) 5a-MTG, and (d)
5b-MTG (abbreviations: see Table 1).
Table 7. Positive ion APCI MS/MS spectra with collision
energy of 25 eV; m/z (rel. abund.)
Ionsa TG ETG
Precursor ion
[M 1 NH4]
1 482 (0) 482 (0)
Product ions
[M 1 H]1 465 (100) 465 (3)
[M 1 H 2 Glu]1 289 (77) 289 (100)
[M 1 H 2 Glu 2 H2O]
1 271 (23) 271 (84)
[M 1 H 2 Glu 2 2H2O]
1 253 (15) 253 (16)
[Glu 1 H 2 H2O]
1 159 (9) 159 (5)
m/z 5 97 (3) (1)
aFor abbreviations, see Table 1.
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Conclusions
The glucuronides studied can be ionized with all the
four ionization techniques: positive and negative ESI
and APCI. However, chemical background noise and
fragmentation are less with ESI than with APCI. Low
flow rates used in ESI also allow the use of micro- and
packed capillary-LC/MS and therefore the consump-
tion of expensive steroid glucuronide standards can be
minimized. Miniaturization of APCI might be useful,
but the appropriate interface is not yet commercially
available. In this experiment, however, ESI is the ion-
ization method of choice for the steroid glucuronides.
Positive ion ESI provides more characteristic mass
spectrometric behavior for identification of anabolic
steroid glucuronides than negative ion ESI. The relative
abundance ratio of [M 1 H]1 / [M 1 NH4]
1 in posi-
tive ion ESI and APCI MS depends greatly on the
proton affinity of the steroid and is usable in the
identification of anabolic steroid glucuronides.
Positive and negative ion MS/MS spectra showed
diagnostic ions formed via neutral loss of glucuronide
moiety. These structure specific ions are the main peaks
in positive ion MS/MS spectra but only minor peaks in
negative ion MS/MS spectra. The stability of the pre-
cursor ion and the ratio of the relative abundance of the
product ions [M 1 H 2 Glu]1, [M 1 H 2 Glu 2
H2O]
1, and [M 1 H 2 Glu 2 2H2O]
1 provides possi-
bility to distinguish between isomers of the steroid
glucuronides. In our experiments the distinction was
obtained for the isomer pairs of 5a-NG / 5b-NG and
TG/ETG but not for 5a-MTG / 5b-MTG.
As a conclusion, positive ion ESI MS/MS provides
abundant and diagnostic product ions and is therefore
preferable in the development of direct analysis meth-
ods for anabolic steroid glucuronides. Despite of the
lack of specific structural information, negative ion
mass spectrometry may provide efficient screening
method when monitoring the deprotonated molecule
[M 2 H]2 in LC-MS.
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Table 8. Negative ion APCI MS/MS with collision energy of
40 eV; m/z (rel. abund.)
Ionsa TG ETG
Precursor ion
[M 2 H]2 463 (7) 463 (0)
Product ions
[M 2 H 2 CH3COOH]
2 403 (8)
[M 2 H 2 158]2 305 (5) 305 (3)
[M 2 H 2 Glu]2 287 (18) 287 (3)
[M 2 H 2 Glu 2 2H]2 285 (21)
[Glu 2 H 2 H2O]
2 157 (52) 157 (29)
[Glu 2 H 2 H2O 2 CO]
2 129 (11) 129 (8)
m/z 5 113 (100) (100)
m/z 5 85 (73) (24)
m/z 5 75 (73) (34)
m/z 5 71 (11)
m/z 5 57 (14) (16)
aFor abbreviations, see Table 1.
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